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Abstract: In this study, an electromechanical, renewable energy resources of solar; two axes
sun-tracking system designed and constructed. A closed loop system employed for control
part. A Programmable Integrating Circuit (PIC) used to control the motion of the sun-
tracking surface with photovoltaic (PV) panels. The feedback analog signal coming from FV
through a variable resistor was controlling scanning sequence. First, scan to the right and left
by the secondary motor and second scans in the forward and backward directions by the
major motor. Another two potentiometers are used; one for detects the sun availability and
the other to measure the batteries fulfillment. The relay switch biased by a power transistor
used to control the batteries charging process.
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INTRODUCTION

Due to the earth’s constant motion, fixed photovoltaic panels intercept far less sunlight than they
could. Therefore, they produce much less power than the possible maximum. Such panels could be
oriented in varying degrees to track the sun to increase their power output. Two axes tracking system
is well suited to be used with photovoltaic (PV) panels to improve their performance, which could also
be employed in systems that use concentrating and flat plate collectors such as those used for
residential space cooling and heating systems.

Jordan imports most of its energy demands in the form of crude oil and petroleum products. This
is causing a big burden on the national economy due to the lack of conventional resources. The problem
expected to get worst since Jordan’s demand for energy is growing at a rate of 5.2% per Annum. To
meet the country’s future energy demands requires a long-termed plan based on a sell-defined strategy,
covering the next two or three decades part of this plan would be to utilize Jordan’s renewable energy
resources like solar energy. Currently the share of renewable energy in the total energy consumption
is around 1%. Tt has expected that with increasing the scientific and techno logical capacities in the field
of renewable energy in Jordan, this share will use up to 15% in the year 2010. Jordan is blessed with
an excellent solar energy resources in the desert region which covers more than 80% of the country,
the average global solar radiation on horizontal surface is 5500 whm’ and the average bright sunshine
is (3000/365) h.

The solar time divided into four intervals during the day with respect to these two angles as
shown in Fig. 1.

There are three types of silicon solar cells; Single Crystal solar cells in panel, Polyerystalline solar
panel and amorphous solar panel. To understand the operation of a PV cell, we need to consider both
the nature of the semiconductor and the nature of sunlight. Solar cells consist of two types of
sermiconductor, often p-type silicon and n-type silicon. Light of certain wavelengths is able to iomize
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Fig. 1: The division of daylight time into four intervals

the atoms in the silicon and the internal field produced by the junction separates some of the positive
charges (holes) from the negative charges (electrons) within the photovoltaic device. The holes are
swept into the positive or p-layer and the electrons are swept into the negative or n-layer. Although
these opposite charges attracted to each other, most of them can only recombine by passing through
an external circuit outside the sermiconductor because of the internal potential energy barrier. Therefore,
ifa circuit made (Fig. 2) power produced from the cells under illumination, since the free electrons have
to pass through the load to recombine with the positive holes.

The amount of power available from a PV device is determined by; the type and area of the
semiconductor, the intensity of the sunlight and the wavelength of the sunlight.

Few theoretical and experimental studies cited in the literature, which investigates various types
of tracking systems.

Odeh and Morrison (2001), presented a theoretical comparative study between the energy
available to a two-axis tracker, an east-west tracker and a fixed surface. They found that the energy
available to the ideal tracker is higher by 3-12 and 60% than the east-west tracker and the fixed surface,
respectively. Yousef (1999), presented a sun tracking system for use with various collectors using
fuzzy logic techniques, which enabled the sun’s position to be resolved to a precision of better than
0.1°. Baltas ef af. (1986) made a comparative study between continuous and stepwise tracking. They
showed that unlike concentrating systems, flat plate photovoltaic arrays yielded almost the same
amount of energy when tracking in a stepwise fashion. Tracking motors could be idle for one or
two hours and yet obtain more than 98% of the energy obtained from a continuous tracking array.
Brunotte ef af. (1996) presented a prototype two-stage PV concentrator with concentration ratios up
to 300X with one axis tracking. Such concentrators are very promising in reducing the cost of solar
electricity conversion. Some studies indicate that electric energy production costs for concentrating PV
plants are about one-third of those of flat module plants (Barakat ef «f., 2001). Khalifa and
AL-Mutawalli (1998) performed an experimental study to investigate the effect of using a two-axis
sun-tracking system on the thermal performance of compound parabolic concentrators. Tracking
achieved using two phototransistors. The tracking compound parabolic concentrators showed a better
performance with an increase in the collected energy of up to 75% compared with an identical fixed
collector.

Abdullah and Nijmeh (2001) designed a single axis sun tracking system with Programmable Logic
Controller (PLC) in three modes of operation; rotation about east-west, north-south and vertical axes.
The daily measured solar energy increased by up to 19.7, 23.3 and 24.5% for the north south, vertical
and east west tracking respectively, as compared with 32° inclination to the south.
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Fig. 2: The photowoltaic effect in a solar cell

Baralzat ef ol (2001} designed a two ases sun traclang system with closed loop control based on
the complicated typical electroric circuit. They found that the energy awvailable to the two axes tracker
is higher by 20%. Abdullah and Mijmeh (2004) designed a two axes sun tracking system with open
loop control baszed on PLC system The two axes tracking surface showed a better performanc e with
an increase in the collected energy of up to 41.3%0 compared with the fixed surface. Abdullah (200483
performed an experimental study to investigate the effect of using differert types of sun tracling
gysterns on the woltage-current characteristics and electrical power generation at the output of fat plate
photovoltaic (FFPW). The results indicated that the wolt-atnpere charaderistics on the tracking surfaces
were signi ficantly greater than that ona fized swiace There were a nise of electrical power gain up to
43.8, 37.5, 34 4 and 157% forthe 2 axes, sast west, wertical and north-south tracking respectively, as
oornpared with the fiszed surface inclined 327 to the southin Armman, Jordan Abdllah C200bY studied
the effect ofutilization of vanous types of automatic sun tracking modes on the perfonmance of water
pumnping systems, which power supply is FFFY. The study concluded that the two azes tracking
gystemn was the most effective in water pumping, this systern showed an increase of purmping
efficiency up 50% compared to fized swface with 32° inclined to the south. On the other hand, the
reqults of the east-west systemn, wertical and north south showed a net gain of pumping rate for 40, 32
and 20%, respectively.

SYSTEM DESCRIPT ION
Introducton to Two Axes Sun Tracking System

Dmieto the sarth’ s constant rotion, fxed photowoltaic panelsintercept far less sunlight than they
could. Therefore, they produce rach less power than the possible maximum. Such pangls could be
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oriented in varying degrees to track the sun to increase their power output (Shinni and Rumala, 1986).
Two axes tracking system is well suited to be used with photovoltaic (PV) panels to improve their
performance, which could also be employed in systems that use concentrating and flat plate collectors
such as those used for residential space cooling and heating systems.

Theory
For a plane that is continuously tracing about two axes to minimize the angle of incidence (Zogbit
and Laplaze, 1984):

l-cosO=1, (1)
where:
0 =The angle of incidence.
2-p=0Z (2
where:
[ =The slope Angle
07 = Zenith angle.
3-y=yS (3)

This theory means that we must make the surface angles (P, v) equal the solar angles (02, yS).
For horizontal surface the slope angle (P) is the Zenith angle 67 and its valve must be between
(0° - 90°), (p =0 when the sun is above the horizon):

cos 02 =cos 2 cos 8 cos wt sin o sin d (4

where:
07 = The Zenith angle
o = Latitude angle (For Amman 32°)
0 = Declination angle
wS = Hour angle

where the declination found from the equation.

5 — 2345 sin | 36022+ (5)
365

Moreover, n is the day of years and obtained from tables.

The solar Azimuth angle vS can have values in the range of 180°-180°.

¥S = CIC2yS'+ cs(%} 180 (6)

where:

fan 15" = — sin @ (7
sind Cosw-Cosg tan §
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where:
w = Hour angle
0 = declination angle (From Eq. 5)
@ - Latitude angle (Form Amman 32°)

C, ={ 1 if |c4 < Wes (8)
2 if | > Wes
; :{ 1 .if(¢-6) =0 ©)
-1 if ($-8) <0
-1 if @ <0

where:
0 = declination angle (Eq. 5)
@ = Latitude angle (For Amman 327)

The calculation of w (hour Angle)
w3 =cos-1 {-tan o tan &) {12y
where:
wS = Sun set hour angle when 07 = 90
w = -wS (sunrise)

w =+wS (sun set) (- w before noon = «w after noon) symmetrical.

The nmumber of day light hours is from equation.

2
N=2
15ms

where, wS from Eq. 12.
The time that the sun rise and symmetrical the time of the sunset can found from

=)

Sample of Calculations
For date is 20/12, the day =20
n = from tables = 334 + 20 = 345

(8 fromEq. 5): = 2345 sin {360 284”‘}

365
& =23.45sin

O =-23.45°
{wew From Eq. 11): = cos-1 (tan &/tan =)
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wew = cos-1 (tan(-23/45)/tan(32))
wew = 132.96°
(w From Eq. 12):
w3 = ¢os-1 (-tanw tand)
@S = cos-1 (-tan (32) tan (-23.45))
WS =+74.27°
w =+ S (at sunset)
w =- S (at sunrise).

w (at sunset) = 74.27°
w (at sunrise) =-74.27°

p FromEq 2 p=0Z

0Z from Eq. 4

07 = cos-1 (cose cosd ¢osw + sin » sind)

07 = cos-1{cos32 c0s-23.45 cos-74.27 +sin 32 sin -23.45)
=07 =90° (maximum)

v from equation 3 y = vS

vS from Eq. 6
vs =ClC2yS8' + C3
vS' from Eq. 7
¥8' = tan™ sin e
sind cosm—cos ¢ tan
S _ tan” sin—74.27
== sin—23.45 cos—74.27 —cos32 tan— 23.45
Y =-62.02°
Cl1 From Eq. 8
Cl=1,1-74.27 < 133.96
C2 From Eq. 9
C2=1,(2-0)> 0,(32-(-23.45): 0
(5545)>0
C3=-1,w<0--7427<0
From Eq. 10

15 =C1C2yS' +C3 [#jlso

¥S = Ix1Ix-62.02+-1 [I(I—JI)JISO
¥S=-62.02
¥ =S =-62.02°

170



Trends in Applied Sci. Res., 3 (2): 163-173, 2008

N,sc

Fig. 3: Two axes sun-tracking system

Two tracking motors are used, one for the joint rotated about the horizontal north-south axis to
control the angle [5 and the other motor for the joint rotated about the east-west axis to control the

angle vy (Fig. 3).

Flectromechanical System Description

The PV used to discriminate the sun’s position and to send electrical signals proportional to the
error to the controller, which actuates the motors to track the sun. The compact and lightweight
actuator represents a drive system:

+ PV solar array.

+  Air wind turbine generator.

«  Two driving motors.

. PIC Microcontroller PIC16F877.
. Driver.

. Switch relay.

. Switch limits.

«  UPS batteries.

. Diods.

+  Potenimater.

. Oscillatoer, regulator, resistors, capacitors, wires .

The PIC16F877 mid range family microcontroller is used to control the sun tracking system
motors and the energy collection from PV cells and wind turbine. The PIC microcontroller has a
programmable memory in which instructions were stored to implement various functions used to
control the actuation of the tracking motors finction of the sun position and to control the energy
stored in the Uninterruptible Power Supply (UPS) batteries.

Controller Circuit Power Supply

The correct voltage supply is of utmost importance for the proper functioning of the
microcontroller system. For a proper function of any microcontroller, it is necessary to provide
a stable source of supply. According to technical specifications by the mamufacturer of PIC
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Fiz. 4: Systera layout

microcontroller, supply voltage showld move between 2.0 to 6.0 + in all wersions. The sinplest

solution to the source of supply is waing the woltaze stabilizer LITE05 (Fiz. 4) that gives stable 45V
o its outpat.

System Osc illator

The oscillator circuit nsed to generate the Wlicrocontroller device clock. The dewice clock is
reguired for the device to execute nstactions and for the peripherals to fanction. Four device clock
perods generate one internal instruction clock (T, cycle. There are toro modes which allow the
selection of the internal B2 oscillator clock out (CLEOUT) to be drmven onan IO pin, or allowr that
LD pin to be used for a general parpose functon. The device confizuration bits select the oscillator
tnode .

System Reset

The reset logic used to place the device into a known state. The soarce of the reset can be
deterrrdned by using the device statusbits. The reset logic designe d with features that reduce system
cost and increase systern relighility, PIC mico differentiates betaeen various kinds of ExternalTntermal
and HardwarelSoftwrare reset; POR Power O Reset IVICLR reset dwing normal ope ration JVICTER.
reset during SLEEF mode, WDT reset during normal operation.
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CONCLUSIONS

From the results, we conclude that the solar energy fully controlled by a PIC Microcontroller for
collecting the sunlight energy or for organize batteries charging process. Those results, as well, affected
by the weather and controlled by tracking process. Because of low photovoltaic sensitivity; the
feedback control signal is not effective to control the scanning process and to increase the sun tracking
process sensitivity, we must replace the photovoltaic feedback signal by a signal coming from a
sensitive sun-tracking sensor. Another factor affecting the sunlight collected energy is the scanming
range in the major axes is not full 180° ranges due to the motor actuator fixtures. In addition, to improve
this point we must modify our mechanical design and replace motors especially the motor for major
axis or east-west axis movements.

The batteries power level is almost constant forever in reason of slow discharging process and the
closed loop control for recharging process.

Morcover, with such energy we find this kind of it useful is a pollution-free, infinitely sustainable
form of energy. It does not use fuel; it does not produce greenhouse gasses and it does not produce
toxic or radioactive waste. Moreover, the most important feature of this energy it is and endless one
that is not like another energy producers some day will be vanish like fuel.
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